Batch biosorption parametric experiments were carried out to delineate the removal mechanism of cationic dye, namely, Safranin O, from the aqueous phase using biosorbent prepared from wood rotting dead macro fungus 'Fomitopsis carnea'. Experimental data of the kinetic experiments at various temperatures (19, 27 and 35 W C) were well described using pseudo-second order kinetic models. Raising temperature from 19 to 35 W C enhanced the dye uptake potential of the biosorbent from 1,000 to 1,250 mg/g. The other variables studied were the effect of common salt (NaCl) and pH on the dye removal potential of the biosorbent. Decreased dye removal (%) efficiency at higher salt concentration suggests involvement of an ion-exchange type sorption mechanism. The pH study revealed that dye removal may occur due to the existence of an electrostatic attraction force between negatively charged biosorbent particles and dye cation. However desorption using mineral acid (H 2 SO 4 and HCl) exhibited the highest desorption up to 76%, followed by organic acid (52%) and distilled water (not more than 2%) indicating the possibility of ion-exchange as the dominating dye sorption mechanism. Fourier transform infrared (FT-IR) spectroscopy analysis of the biosorbent, Safranin O and Safranin O loaded biosorbent also supported the possibility of ion-exchange as the dominating mechanism due to the presence of major peaks of Safranin O on the IR spectra of Safranin O loaded biosorbent, indicating that the Safranin O was present in its unaltered form on the surface of the biosorbent. N. S. Maurya
INTRODUCTION
The increased demand of dyes and pigments in various industries such as textiles, paper, plastics, leather, food, cosmetics, medicine, etc. has resulted in the generation of large quantities of coloured aqueous effluents that contain undesirable organics. Modern dyes are usually synthesized from complex aromatic compounds to make them more resistant to most of the physical and chemical agents such as light, water, soaps, detergent, etc. so that the appearance of the products must maintain their attractiveness during the entire service period. The quality improvement makes these dyes less biodegradable and thus makes conventional biological treatment systems unsuitable to treat the dyecontaining effluent.
Among the available treatment technologies, adsorption processes using activated carbon as adsorbent have attracted considerable attention owing to their ability to treat aqueous effluent. However, the high cost of activated carbon prevents its application at least in developing countries (Maurya & Mittal a) . Many studies have been undertaken to find low-cost sorbents, which include peat, bentonite, steel-plant slag, fly ash, China clay, maize cob, wood shavings, silica, etc. (Gupta et al. ; Ramakrishna & Viraraghavan ) . However, these low-cost sorbents generally have low uptake, which mean large amount sorbents are needed. Therefore, there is a need to find an economical, easily available (in nature) and highly effective sorbent, which can be easily regenerated.
In the past few decades, numerous biological materials have been tested for removal of various organic and inorganic substances including heavy metals from the aqueous phase. Regrettably, biological materials have several undesirable properties, such as low mechanical strength, low density, and non-granular shapes. Thus, their engineering application is restricted only to the continuous stirred tank reactor followed by a material separation facility such as filtration, sedimentation or centrifugation, which increases the overall cost of treatment (Maurya & Mittal b) .
In the present study, biosorbent prepared from wood rotting dead macro fungus 'Fomitopsis carnea', a waste product of the rubber tree found in Kerela (India), have been employed to remove cationic dye from aqueous solution. From cationic dyes, group Safranin O has been employed as candidate sorbent. Batch kinetic experiments are conducted to evaluate the potential uptake rate of the biosorbent for the cationic dye (Safranin O). To understand the mechanism of interaction between Safranin O and the biosorbent, the uptakes (%) were evaluated as a function of temperature, initial pH and NaCl concentration of the aqueous solution. Several desorbing agents such as water; mineral acid (hydrochloric and sulfuric acid) and organic acid (acetic acid) are evaluated to decode the dye removal mechanism and to regenerate the spent biosorbent for reutilization. For further insight into the dye-biosorbent interaction, Fourier transform infrared (FT-IR) spectroscopy experimentations are also conducted.
MATERIALS AND METHODS

Biosorbent and chemicals
The biosorbent used in present work was prepared from wood rotting dead macro fungus 'Fomitopsis carnea'. The macro fungus was manually plucked, washed in water, cut into small pieces and dried in an oven at 50 W C for 48 h. The dried pieces of macro fungus were pulverized in an electric mixer. The fraction of particles passed through a 75 μm sieve was collected, and was dried in an oven at 50 W C for 24 h. The dried powdered macro fungus was stored in a desiccator without further chemical or physical treatment. All chemicals used in this study were of analytical grade. Safranin O was obtained from Lova (India). The detailed information on Safranin O is summarized in Table 1 .
Batch biosorption kinetics at various temperatures
Kinetic experiments were carried out to study the effect of contact time on the dye removal at various temperatures such as 19, 27 and 35 W C, keeping other parameters constant (initial dye concentration 100 mg/L, biosorbent dose 0.05 g/ L and mixing speed 500 revolution per minute) using an especially designed acrylic adsorber vessel and impeller ( Figure 1 ). The adsorber vessel consists of a 140 mm diameter cylinder with eight evenly spaced baffles along the circumference. Mixing was achieved employing a glass impeller consisting of six flat blades. A frequency controlled variable speed AC motor was employed to power the impeller.
The dye solution was filled up to a height equal to the diameter of the vessel. Initial sample was withdrawn, after the dye solution in the adsorber attained equilibrium. A predetermined amount of the biosorbent (0.05 g/L) was added to the dye solution and agitated continuously at a constant speed. Samples were withdrawn from the adsorber with the help of a syringe at predetermined intervals, and were immediately passed through a 0.45 μm membrane filter (Millipore, USA). The effect of dye sorption by the membrane filter during the filtration process was minimized by discarding the first 25 mL portion of the dye solution. A subsequent portion was used for the measurement of the absorbance for the determination of dye concentration.
Effect of initial pH
These experiments were conducted to evaluate the effect of initial pH on the removal of Safranin O dye (dye concentration 200 mg/L and biosorbent dose 0.15 g/L) at pH 4.0, 7.0, 9.0, 11.0 and 12.50. The pH was adjusted using 0.1 mol/L HCl/NaOH. No buffer was used to adjust the pH, since a single buffer could not cover the whole pH range. Further, different components used to make various buffers may themselves affect the sorption of dyes. All samples were taken in duplicate. Samples were contacted for 48 h using an orbital rotary shaker at 200 rpm while maintaining 35 ± 1 W C. The pH of the equilibrium solution was adjusted to its initial pH and the concentration of the solution was analysed for remaining dye concentration. The effect of initial pH was expressed in % removal of dye.
Effect of common salt (NaCl)
To evaluate the effect of common salt upon the Safranin O uptake, % removal was studied at various salt concentrations (0, 1, 10 and 100 mmol/L) while keeping other parameters constant (dye concentration 100 mg/L, biosorbent dose 0.08 g/L, pH 7, orbital rotary shaker speed 200 rpm and temperature 30 ± 1 W C).
Desorption studies
Desorption studies were carried out in two phases -(a) sorption: a predetermined weight of biosorbents was added to 1,000 mL dye solution (dye concentration 100 mg/L, temperature 30 ± W C) and kept on a rotary shaker (rpm-200) for 48 h. Upon equilibration, the dye concentration was measured and the biosorbent was then separated from dye solution using a 0.45 μm membrane filter. The dye loaded biosorbent was dried in an oven at 50 ± 1 W C till the difference in weight between two consecutive days became negligible; (b) desorption: the predetermined amount of dye-loaded biosorbent (keeping the mass by volume ratio similar to the first phase experiment) was added to 50 mL solution of desorbing agents (distilled water, 0.1 mol/L HCl, 0.1 mol/L H 2 SO 4 , 0.1 mol/L CH 3 COOH) in 100 mL glass bottles. The glass bottles containing the mixture of dye-loaded biosorbent and desorbing agent were agitated for 48 h. The concentration of the desorbed dye was measured.
Fourier transform infrared spectroscopy
FT-IR spectra of the biosorbent, dye and dye loaded biosorbent were taken. Transparent pallets were prepared in KBr (chemical) under an IR lamp. These pallets were mounted on a FT-IR spectrophotometer (Impact 400, Nicolet Instrument Corp., USA). An online computer operated the instrument. Software package OMNIC 1.2a was employed to analyse and compare the FT-IR spectra of the biosorbent, dye and dye loaded biosorbent. All absorbances were observed at 4 cm À1 resolution and 64 scans for background and samples.
RESULTS AND DISCUSSION
Batch biosorption kinetics at various temperatures
Biosorption is closely related to the characteristics of both biosorbent and dye. Change in temperature of the aqueous solution may alter the porosity of the biosorbent due to the swelling effect within the internal structure of the biosorbent and consequentially can influence the intra particle movement of the dye molecules within the biosorbent (Knocke & Hemhill ) . On the other hand, activation of different functional groups present on the surface may change the surface characteristics (Vishwakarma et al. ) . The solubility of the dye in water is also a temperature dependent parameter. The free diffusion of the dye molecule in the bulk solution may also be affected by changed temperature due to change in viscosity of the dye solution.
The effect of temperature on the biosorption kinetics was studied by carrying out batch kinetic experiments at three predetermined temperatures, 19, 27 and 35 W C keeping other parameters constant. The experimental data were modelled using a pseudo-second order kinetic equation as described below:
where, Q t (mg/g) and Q e (mg/g) are the dye uptake capacity at any time t and at equilibrium respectively. k so (g mg À1 h À1 ) is the rate constant of pseudo-second order sorption. The integrated linear form of Equation (1) is:
If pseudo-second order kinetics is applicable, the plot of t=Q t against t of Equation (2) would give a linear relationship from which the constants Q e and k so could be determined. Figure 2 presents the effluent dye concentration (C t ) profile, generated using the pseudo-second order kinetic equation along with the corresponding experimental data. It is evident from Table 2 that the model describes the experimental data very well (R 2 ¼ 0.99), indicating chemisorption (involving valency force through the sharing or exchange of electrons between biosorbent and dye molecules) would be the possible sorption mechanism (Ho et al. ; Ho ). However in the case of other cationic dyes (orlamar red, orlamar blue and Orlamar red GTL) sorption by the said biosorbent first-order reaction kinetic was observed (Mittal & Gupta ) . Table 2 indicates that both rate of sorption and dye uptake increases from 5.3 × 10 À4 h À1 and 1,000 mg/g to 1.07 × 10 À3 h À1 and 1,250 mg/g with rise in temperature from 19 to 35 W C respectively. The activation energy was 20.43 KJ/g-mol. Therefore, biosorption of Safranin O onto the biosorbent is endothermic in nature (Singh & Srivastava ). Kumar et al. () determined the kinetic rate constant 3.46 × 10 À3 h À1 and maximum sorption capacity 117.63 mg/g during the sorption of malachite green by the biosorbent prepared from a fresh water algae 'Pithophora sp.'.
Effect of initial pH
Effect of initial pH on dye uptake was evaluated by measuring the dye uptake at various initial pHs (4, 7, 9, 11 and 12.5), keeping other parameters constant. Figure 3 shows that dye removal increases from 56 to 97% with increase in pH from 4 to 11. However, the pH of the solution was raised above 11, the uptake started to decrease to a value 78% at pH 12.5. The phenomenon of increase in uptake with increase in pH and then again decreased uptake above pH 11 may be explained on the basis of surface charge of the biosorbent. It is reported that such biosorbents have a net negative charge on their surface in the aqueous phase (Muraleedharan ), while Safranin O is a cationic dye, so it has net positive charge. With increase in pH, the net electro-negativity of the biosorbent increases due to the deprotonation of different functional groups present on the biosorbent surface (Maurya et al. ) . Therefore, there is increase in attractive electrostatic force between negatively charged biosorbent and positively charged dye cation. Apart from the surface charge of the biosorbent, the concentration of protons is also very high at lower pH values (Muraleedharan ) , and it decreases with increase in pH. Therefore, there is a possibility of competition between the protons and the positively charged dye molecule for the same sorption site. However, when pH of the solution was raised above 11, the uptake started to decrease. For cationic dyes, other researchers have also reported a decrease in dye uptake at high pH, after a continual increase in the dye-uptake. In most of the cases the maximum uptake is reported between pH 6 and 8 (Ramakrishna & They attributed it to the increased solubility of Methylene Blue above pH 7.0. Harris et al. () have also observed a similar pattern of dye uptake with pH, i.e. decrease in dyeuptake above pH 11, after a continual increase in dye-uptake till pH 11 for the sorption of Safranin O onto kaolinite.
Effect of common salt (NaCl)
Several cationic species are usually present in dye bearing wastewater along with dye cations, which can equally compete in the biosorption process. Cations such as, Na þ , Ca þ , K þ , Cr 3þ , Cu 2þ are the most commonly present in dye bearing wastewater (Correia et al. ) . There is very scanty literature available on the cationic strength related aspect of the biosorptive processes for dye uptake. The cationic strength related investigations are limited to the biosorption of heavy metals (Maurya et al. ) . Experiments were conducted using aqueous solution of Safranin O, at varying concentrations of NaCl (0, 1, 10 and 100 mmol/L), while keeping the other parameters constant. It is evident from Figure 4 that presence of salt in solution can significantly affect the dye uptake. Increase in ionic strength of the dye solution led to decrease in sorption potential of biosorbent. This may be due to competition between Na þ and positively charged dye molecules for the same binding sites and indicates the possibility of ion-exchange mechanisms being in operation in the biosorption process. With increase in NaCl concentration from 0 to 100 mmol/L, uptake of Safranin O decreased from 83 to 66%. Several authors (Donmez & Aksu ; Maurya et al. ; Maurya & Mittal ) have made similar observations for the sorption of heavy metals and cationic dyes onto biosorbent.
Desorption studies
In the biosorption process, regeneration of the adsorbent and/or disposal of the dye loaded biosorbent (or spent biosorbent) are very important. For the desorption experiments, several solvents (water, mineral acids, and organic acid) were used. Batch desorption experiments were carried out and desorption efficiencies are compared in Figure 5 . The use of distilled water resulted in only 2% and thus suggested probably physical sorption was not the operative biosorption mechanism (Mittal & Venkobachar ) . Acetic acid showed moderate desorption efficiency (52%) indicating the presence of chemical-complexation type dye-biosorbent interactions to some extent. On the other hand, mineral acids, HCl and H 2 SO 4 showed the highest recovery efficiencies of 76 and 70% respectively. However, HCl proved to be the best (76%). The maximum desorption by mineral acids indicates the possibility of ionexchange as the dominating dye sorption mechanism (Faust & Aly ; McKay et al. ; Namasivayam et al. ) .
Fourier transform infrared spectroscopy
Attachment of dye on the surface of the biosorbent would influence the IR spectra of the biosorbent. The surface of the biosorbents consist of various bio-polymers, and could be considered as studded with different functional groups, whose interaction with the dye could be identified. Therefore IR spectra of dye, biosorbent and dye loaded biosorbent were obtained. The IR spectra of dye-loaded-biosorbent were examined for the appearance of new absorption bands, disappearance, change in position (shift) and sharpening or broadening of absorption bands. FT-IR spectra of the biosorbent (KL), dye -Safranin O and Safranin O loaded biosorbent (KL þ Safranin O) are presented in Figure 6 . Several absorption peaks present in the IR spectra of the Safranin O (S5, S6, S7, S8, S10, S14 and S15) were also present in the IR spectra of Safranin O loaded biosorbent (KS5, KS6, KS8, KS9, KS11, KS14 and KS19) . Similarly, the absorption peaks of the biosorbent (K4, K5, K6, K9, K10, K11 and K12) were also present in the IR of Safranin O loaded biosorbent (KS7, KS11, KS12, KS15, KS16, KS17 and KS18). The presence of major peaks of Safranin O on the IR of Safranin O loaded biosorbent (KL þ Safranin O) indicated that the Safranin O was present in its unaltered form on the surface of the biosorbent. It seems to be that no major chemical change occurred in the dye cation after its biosorption onto the biosorbent. The desorption studies showed that desorption of the Safranin O by water, mineral acid and acetic acid was 2, 76, and 52%. In the case of chemisorption of dyes, desorption by acetic acid is expected to be high (Mittal & Venkobachar ) . In the present case though, it is not very high, but 52% desorption by acetic acid indicates the presence of chemicalcomplexation type dye-biosorbent interactions to some extent. Ion-exchange seems to be the dominating mechanism.
CONCLUSIONS
The results of this study clearly showed that biosorbents prepared from the biomass of wood rotting dead macro fungus can be employed for coloured wastewater treatment containing cationic dye, namely Safranin O. The kinetic study at various temperatures was carried out and experimental data were analysed using a pseudo-second order kinetic model with very high accuracy (R 2 ¼ 0.99). The value of the kinetic rate constant (k so ) increased from 5.3 × 10 À4 to 1.07 × 10 À3 g mg À1 h À1 with increase in temperature from 19 to 35 W C. Dye uptake potential of the biosorbent was strongly temperature dependent and increased from 1,000 to 1,250 mg/g with increase in temperature of the dye solution from 19 to 35 W C indicating that the sorption process is endothermic in nature. Dye removals were reduced from 82.9 to 66.2% upon increase of salt concentration from 0 to 100 mmol/L. This reduction in dye removal capacity could be probably due to competition between Safranin O cation and Na þ for the same sorption site and suggests ion-exchange could be operative in the biosorption process. The increase in initial pH of the dye solution from 4 to 11, also increased dye uptake potential, but further increase in initial pH beyond 11 resulted in reduced dye removal potential. The variation in dye removal potential with increase in pH value could be indicative of electrostatic attraction force between negatively charged biosorbent particles and dye cations. However, desorption study and FT-IR spectroscopy analysis suggest the possibility of ionexchange as the dominating mechanism for dye removal.
